Objective Administrative data are used to describe the pancreatic cancer (pcc) population. The analysis examines demographic details, incidence, site, survival, and factors influencing mortality in a cohort of individuals diagnosed with pcc.
INTRODUCTION
Cancer of the pancreas is rare, and yet it accounts for the 4th largest number of cancer deaths in Canada each year. In 2014, 4700 new cases of pancreatic cancer (pcc) in Canada (9.3 per 100,000 population) were projected. Once a patient is diagnosed, prognosis is poor, with the number of deaths from pcc in 2014 estimated to be 4400 (8.6 per 100,000 population) 1 . The relative survival ratio for pcc is the lowest among the common malignancies and has been estimated to be 21% at 1 year and 6%-8% at 5 years 1,2 . The mortality subsequent to most other cancers has declined since 2000, but no corresponding mortality improvement in pcc has occurred 3 .
Because of the absence of symptoms associated with early-stage pcc and a lack of cost-effective screening strategies, the disease is often detected at later stages 4, 5 . In most cases, pcc is not discovered until after it has metastasized to adjacent organs, such as the liver. For patients with metastatic pcc, life expectancy approximates 2.5 months with best supportive care 6, 7 . New chemotherapy regimens such as folfirinox and nab-paclitaxel appear to offer longer life expectancy (up to a median of 11 months), but the improvement is accompanied by deleterious side effects and complications 8 .
Ontario is the largest province in Canada and has the greatest incidence of pcc patients in the country by virtue of its population size 1 . However, little is known about the overall epidemiology of the disease and the factors influencing survival in this group of patients 9 . In the present analysis, we examined a cohort of patients with a diagnosis of pcc and their survival at 5 years. The patients were linked by encrypted health card number to other administrative datasets housed at the Institute for Clinical Evaluative Sciences. Demographic and mortality information were obtained from the Registered Persons Database, which provides basic demographic information such as birth date, death date, and postal code of residence for all residents with an Ontario health card number. All patients were followed from their date of diagnosis to their date of death, to 5 years after diagnosis, or to 31 December 2013, whichever came first.
Geographic area of residence for the individual patients was linked to Canadian census data by geocoding postal codes into dissemination areas (the smallest unit of census geography), and neighbourhood-level information on median family income (a household size-adjusted measure of household income) was obtained 11 .
We further linked the patient cohort to the Canadian Institute for Health Information's Discharge Abstract Database, which provides detailed diagnostic information for each hospital admission. For each patient, we used data from hospitalizations occurring in the 2 years before the pcc diagnosis to calculate a score on Charlson comorbidity index. For patients with a Charlson score of 0, we assigned a comorbidity status of "no"; for those with a score equal to or greater than 1, we assigned a comorbidity status of "yes."
We obtained Ontario population information during the study period from the Ontario Population Estimates and Projections, which are the intercensal and postcensal estimates of the Ontario population by sex, age, and geographic area. Those estimates are produced by Statistics Canada.
Statistical Analysis
We describe patient demographics, disease characteristics, and length of follow-up by patient age at diagnosis.
Comparisons between age groups were made using oneway analysis of variance for continuous variables and chi-square tests for categorical variables.
We then calculated the crude incidence rate of pcc for men and women by age group for each year during the study period. For a specific year, the incidence rate was calculated by dividing the number of pcc cases by the yearly population size in each age and sex stratum.
We used the life-table method and dates of death according to the Registered Persons Database as of 31 December 2013 to estimate 5-year survival probabilities. Kaplan-Meier survival analyses were used to describe the survival probability for patients in various age groups, disease site groups, and diagnostic periods. Age at diagnosis was adjusted when computing the survival probability for various disease sites and diagnostic periods.
Cox regression was used to examine factors associated with survival. Variable selection was based on both clinical relevance and influence on risk estimates or statistical significance. The variables examined were sex, age, site of cancer, residence, income, year of diagnosis, and comorbidity. To determine whether the selected variables met the proportional hazards assumption, we generated time-dependent covariates by creating interactions of the predictors and a function of survival time, and included them in the model. If any of the time-dependent covariates were significant, then those predictors were considered not to be proportional 12 .
All analyses were performed using the SAS 9.2 software application (SAS Institute, Cary, NC, U.S.A.). Statistical significance was set at p < 0.05.
RESULTS
New cases of pcc diagnosed between 2004 and 2011 numbered 9221 (4548 cases in men, 4673 cases in women). During that 8-year period, the age-adjusted standardized annual incidence rate fluctuated in the range 8.57-9.47 per 100,000 population. The most frequent site of pcc was the head of the pancreas (42%); 9.1% of pccs were reported to have occurred in the tail. The remaining cases (48.9%) were in other locations (including multiple sites) or were not specified in the ocr.
Mean age at diagnosis was 70.3 ± 12.5 years (standard deviation). Women were older (72.3 ± 12.8 years) than men (68.1 ± 11.8 years) at the time of diagnosis. Of these individuals with pcc, 15% were rural residents (rural residents represented 14% of the general population in 2011). Distribution by income quintile was equal across the cohort (Table i ). In the younger age groups, the incidence of pcc was lower in women than in men. The female incidence then steadily increased with age and, in 5 of the 8 years, overtook the male incidence in the 81 years and older category (Table ii) .
In this cohort, 92% died during follow-up. The overall survival within 5 years of follow-up was 7.2%. The mean and median follow-up times were 303 ± 451 days and 113 days (interquartile range: 35-340 days) respectively. At 1 month after diagnosis, 78% of the cohort members were alive; at 1 year, only 23.5% were still living. The probability of survival decreased as age at diagnosis increased. The 30-day and 1-year survival rates for affected individuals 60 years of age or less were 88.6% and 34.4% respectively; for those more than 80 years of age, the equivalent rates were 62.2% and 12.1%. Median survival for individuals 60 years of age or younger at diagnosis was 207 days; it was 49 days for individuals more than 80 years of age (Figure 1 ). With respect to site of the primary cancer, median survival was 5.0 months in individuals with a diagnosis of carcinoma in the head of pancreas; 3.2 months in those with a diagnosis of carcinoma in the tail of pancreas; and 3.0 months for other sites (Figure 2 ).
All variables included in the Cox regression met the proportional hazards assumption. Male sex, older age, presence of cancer in sites other than the head of pancreas, rural residence, low income, and presence of comorbidity were associated with lower survival. Survival seemed to improve with more recent diagnosis (Table iii, Figure 3) .
DISCUSSION
The present work provides an overview of a contemporary cohort of the entire patient population with pcc in Ontario. Survival in that cohort is in line with pcc survival in other jurisdictions, with one quarter still living at 12 months after diagnosis 2 and 7.2% still living at 5 years. Our 5-year survival findings are similar to the survival reported in Ireland (5%) 6 and the relative survival reported in the United States (6%) 4 . A report by Cancer Research UK indicated that the relative 5-year survival was 3.3% for patients diagnosed with pcc during 2010-2011 in England and Wales 13 . All numbers show extremely poor survival with this disease.
Other reports show a relative survival rate of 10.9% for pcc patients in Ontario 14, 15 . Cancer Care Ontario 16 and several Canadian government agencies 3 report an 8% 5-year relative survival for pcc in the Canadian population. Because the relative survival is the ratio of the observed survival for a group of persons diagnosed with cancer to the survival expected for people in the entire population, it differs slightly from the result found in an actual 5-year survival analysis, as estimated for the present study.
Health system administrative data was used for patient follow-up. Ontario has a publicly funded singlepayer system that covers medically necessary health care costs for all eligible residents. It is unlikely that pcc patients would pursue health care elsewhere; however, the main loss to follow-up in our cohort would have been caused by patients moving out of the province. We had no information on such movements. However, we did ascertain patient eligibility for Ontario Health Insurance Plan coverage at the end of follow-up, and found that only 90 patients (0.98%) had an invalid health card number. It is possible that we lost follow-up for those 90 patients. The proportion of the overall cohort that those patients represent is very low and unlikely to bias our estimates of survival probability.
Our study reports a relatively equal distribution of new pcc cases for the two sexes, but some studies have reported a higher incidence among men 17, 18 . In our analyses, survival was decreased for men compared with women despite an equal sex distribution. The literature shows that increasing age is associated with a higher incidence of pcc 19 . That association is important in light of an aging population. Our results confirmed the association and also showed that older age at diagnosis is associated with much lower survival. Our study suggests that tumour location is associated with patient outcomes, which reflects other published data 20, 21 . Unfortunately, derivation of tumour location from the administrative data was not possible for 49% of our cohort. The literature suggests that only 10% of pancreatic tumours are multifocal, with 65% being located in the head of the pancreas, and 15% being located in the tail of the pancreas 22 . We assume a similar distribution in Ontario patients.
In a study based in the United States, Mack and PaganiniHill 23 showed that pcc was not evenly distributed by social class. By contrast, we found rather uniform rates by income quintile. However, we did observe decreased survival in the lowest income quintiles and in patients residing in rural areas, which is consistent with other available data 24 . An American population study published in 2006 by Cress et al. 24 showed a relationship of socioeconomic status with the proportion of patients receiving surgical resection, with access to high-volume care centres suggested to be the main cause of that disparity. The finding that patients in our cohort from the lowest income quintiles and from rural regions experienced relatively lower survival might indicate that there are barriers to appropriate care in Ontario.
Comorbidity status also appeared to have a significant effect on patient survival in our cohort. That observation supports findings in the existing literature that higher scores on the Charlson comorbidity index might be associated with lower rates of surgical resection 25, 26 , lessaggressive palliative chemotherapy 27 , and relatively worse outcomes with gemcitabine-based chemotherapy 28 .
Survival was observed to be greater for patients in our cohort who were diagnosed in 2010-2011 than in 2004-2006. One possible explanation for that finding is the cumulative effect of gradual increases in chemotherapy uptake in the palliative setting 29 . Use of recently developed chemotherapy regimens such as folfirinox (approved in Ontario in 2011) continues to increase for pcc patients 30 , and survival for individuals diagnosed after 2011 is expected to reflect the effect of those regimens.
Although the ocr does not contain full staging information, the literature suggests that at least half of all pcc patients will have metastatic disease at presentation. Consequently, the effects of the newer chemotherapeutic options on survival at a population scale should be investigated.
The strength of our study is its inclusion of all cases of pcc in the province. The single-payer nature of health care in the province, regardless of health care provider, ensures that data are collected for all patients. Our study is limited because of the type of information available in the administrative databases. Stage and genetic factors provide clinicians with information about appropriate management and can affect survival. Similarly, the availability of information related to treatment regimens would add considerable insight. In some provinces, collaborative staging permits assignment of an American Joint Committee on Cancer stage based on the best available information. Although some collaborative staging information is available in the ocr, staging information was unknown for 70% of the patients in our cohort for 2004; that proportion improved to only approximately 50% for the years 2007-2011. Details of treatment information such as receipt of chemotherapy, radiation therapy, or surgical therapy are also not collected by the ocr. To obtain those details, it would have been necessary establish links with other databases, which was out of scope for the objectives of this epidemiologic report.
Published studies have examined the effect of risk factors for the development of pcc and factors that affect survival (including smoking, caffeine use, alcohol consumption, comorbidity, occupational exposure, and diet 17, 19, [31] [32] [33] [34] [35] [36] [37] [38] ), although some of the risks are not clear 39, 40 . Unfortunately, information on the foregoing risk factors are not available in provincial administrative databases; however, a review of this cohort's pathology reports to look at the effect of stage on survival is underway.
CONCLUSIONS
Pancreatic cancer, although infrequent, has an exceptionally high mortality rate. Here, we have provided a populationbased analysis of pcc from the perspective of patient demographics and survival. Results show the effects of age, sex, income, residence, location of cancer, comorbidity, and year of diagnosis on survival. Future research by anyone using our results as a base case should focus on shifting the survival curve to the right.
